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High Risk Production Years 
ElwynnTaylor, Professor, Agronomy, Iowa State University 
Introduction 
There is some indication that years of high risk for crop production tend to cluster. During 
the past 100 years there were 17 serious (widespread) droughts in the U.S. Com Belt. It is not 
uncommon to have 12 to 18 years between major drought events. During the past 200 years, 
the "drought cycle" has averaged about 18.5 years, but it is not clear that there is a primary 
weather cycle of this length. It may be that the average results from the periodic coming into 
phase of more fundamental climate cycles associated with events such as the Pacific Decadal 
Oscillation (PDO) and the El Nifio Southern Oscillation (ENSO) . Drought is a major production 
risk and perhaps the least manageable . Although pest risk also depends upon weather, 
management options are usually available , at least with some planning. The producer should 
evaluate the level of production risk and the potential marketing risk associated with the price 
volatility. Grain price is influenced by deviations from expected crop yields across the Com Belt 
and elsewhere in the world. There is some indication that risk during the next 5 years will be 
approximately double that of the past decade. 
Deviation of Yield from Trend 
Yield trend is variously defined. The USDA uses the observed crop yields over 30 years to define 
a linear trend. Yield deviation from trend in excess of 10% is considered to be extreme. During 
the period 1900-2005, U.S. com yield was reduced to 90% (or less) of trend 17 times (Fig 1.). 
All but 1993 appear to be years of drought (1974 may have been a combination of crop disease 
and drought) . There were a similar number of yields that exceeded 110% of trend. Because 
there are various ways to compute trend , the reported number of years with high and with low 
yields varies somewhat. 
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Figure 1. U.S. corn yield varies about a "trend." Although actual yield has increased 4-fold during the past 75 years 
(not shown), the variability of yield as a percentage of trend is not perceptibly changed over the pe riod. 
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Efforts to identify weather conditions that signal extreme or average production have been 
moderately successful. The first indicator of the likelihood of a good or poor crop during the 
coming year is plant available moisture in the subsoil at the end of the preceding crop year. The 
second indicator is climatic and is popularly know as the El Nino or ENSO (El Nino Southern 
Oscillation). The phase of the ENSO has some value for anticipation of yield conditions for 
the northern hemisphere as early as the beginning of the calendar year. Empirical evidence of 
cyclic yields over 10 years or 17-20 years became popular in the late 1800s. However, little 
physical evidence of a fundamental climate cycle has been identified. Cyclic ocean currents (and 
temperatures) on the decadal scale have been identified and their physical nature somewhat 
verified. The Pacific Decadal Oscillation (PDO) interacting with the ENSO gives promising 
evidence that the apparent cycles of yield may be related to the phase relationships of oceanic. 
The ENSO directly influences weather from Australia to Chili and has long-distance impacts in 
numerous locations beyond the tropics, including the U. S. Corn Belt. 
ENSO 
The El Nino is associated with favorable conditions for midwestern crops. Yields are not always 
greater than trend during El Nino years, but the average odds do favor above trend yields (Fig. 
2) . Extensive flooding occurred in 1993 during an El Nino event of 3-year duration. There 
are no records of widespread drought during an El Nino year. Precipitation is not consistently 
above average during El Nino, and temperatures also may vary; however, there are fewer "heat 
wave" episodes during El Nino years and the improved likely hood of above trend yields is 
physically and statistically related to the temperature factor. Statistical research relating ENSO 
to crop yields has been based mainly on the SOl (Southern Oscillation Index) that quantifies 
the atmospheric pressure difference between northern Australia (Darwin) and Tahiti. The three 
conditions, El Nino, neutral, and La Nina, shown in figure 2, are defined by the 5-month average 
SOl prevailing during the growing season. During El Nino years, the chance that yields will 
exceed trend is near 70% and the chance of yield exceeding 110% of trend is near 30%. 
Crop yields under neutral ENSO conditions are controlled by weather factors other than those 
related to the El Nino. Historically, yields during neutral years average slightly above the trend . 
Carlson et al. (1996) found that during neutral years the chance of yields below 90% of trend 
was 17%, above 110% of trend was 23%, and near trend was 60%. 
The condition opposite to El Nino is termed La Nina. Not all La Nina years are unfavorable for 
crop production in the Midwest. However, the three widespread droughts of the past 32 years 
(1974, 1983, 1988) occurred during La Nina conditions. The "risk" of drought computed for all 
years when the SOl indicated La Nina was 34% or double the risk during an average year. The 
risk of below trend yield is 70% during La Nina years , and the chance of yields exceeding 110% 
of trend decrease to about 8%. 
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Figure 2. Deviation of U.S. corn yield from trend expressed as a percentage (1974-2003). Of the 4 years of "low" (at 
least 10% below trend) yield, 3 were droughts and occurred during La Nina (1 ). The highest yield was during neutral 
(2) conditions. There was no drought during El Nino (3) although the floods of 1993 reduced the yield to levels typical 
of serious drought. The high year was 1979 and the low was 1988. In some cases there are more than one year in a 
category. Yield data from www.usda.gov/nass 
SOl 
The Southern Oscillation Index (SOl) is defined by the standardized deviation of atmospheric 
pressure from the normal recorded at Tahiti and at Darwin. It is generally accepted that when 
the SOl reaches or exceeds a value of +8 ( +0.8 in the Australian notation), La Nina conditions 
exist. El Nino conditions begin at - 8, and intermediate values are considered to be neutral. This 
should not imply that signals typical of either condition do not exist at intermediate values, only 
that the signals are not as strong as when the +8 or - 8 index values are met. 
The SOl is defined as the average daily SOl over a period of 5 months. This is a centered average 
meaning that for March to be considered an El Nino month, the average SOl from january p t 
through May 31st must be -8 or below. This definition is fine for historical research but not 
satisfactory for use of the ENSO as a risk management tool. The moving 90-day average does 
have a statistical relationship to the 5-month average. Although it is not a perfect relationship, 
it is useful for risk management decisions. The 90-day average is computed as the average 
daily SOl for the preceding 90 days. Some consider the relative values of the 30-day and 90-
day moving averages in much the same way as buy-sell signals are obtained from moving trade 
averages in technical trading of commodities. 
The slightly "better than trend" corn production year of 2005 began with El Nino conditions 
from February 17 to May 27 (Fig. 3). The trend thereafter was consistently toward La Nina 
conditions. Regional drought was experienced in parts of Illinois, Missouri, and Iowa although 
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persistent periods of excessive heat did not occur. Trend appearance and supporting sea 
surface temperature and wind data indicate a probability of reaching La Nina conditions by 
late December or early January 2006. The November lOth outlook from the NOAA Climate 
Prediction Center did not place high confidence in the possibility of La Nina as 16 of 2l 
prediction models in use around the world predicted neutral on the La Nina side of "0" and 4 
predicted neutral on the El Nino side of neutral. Only one indicated an Index well within the La 
Nina range. 
http://www.cpc.ncep.noaa.gov/products/analysis_monitoring!enso_advisory!index.html 
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Figure 3. El Nino conditions existed from mid-February until late April in 2005 followed by neutral atmospheric 
pressure deviations that trended consistently toward La Nina. The standardized pressure index associated with 
the El Nino (SOl) reached "0" on October 20, 2005. If the trend continues, La Nina conditions will be reached in late 
December or early January 2006. 
The SOl has not moved as steeply as is typical of a shift to La Nina, and the respected Japanese 
index QMA) is "Not Determined." ftp://www. coaps.fsu.edu/pub/JMA_SST_Index/jma.gif 
The technically sound U.S. research index MEl indicates that La Nina "appears possible." http:// 
www.cdc.noaa.gov/people/klaus.wolter/MEV 
Sea Surface Temperature 
The temperature of the ocean is used as the principal indicator of not only the ENSO but also 
of essentially all other oceanographic conditions that impact our climate. It is the atmospheric 
pressure that directly impacts the dynamics of weather patterns, but in the long run the energy 
reservoir of the sea is a dominant factor. Anomalous temperatures are useful indicators of 
2005 Integrated Crop Management Conference - Iowa State University - 25 
anomalous weather patterns. A cooling of equatorial sea surface temperatures west of South 
America and a warming north of Hawaii (Fig. 4) are indicators of trends that impact the western 
and central U. S. Corn Belt. 
Warm 
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Figure 4. Sea surface temperature anomalies are expressed as 5-day average deviation from historical seasonal 
temperature. Original photo is color-coded. http://www.elnino.noaa.gov/ 
The sea temperature to the west of South America cooled substantially during the summer of 
2005. The temperature north of Hawaii warmed significantly and may be associated with a 
return to the "dry" conditions experienced from 2000-2003 in the central Rocky Mountains and 
the High Plains of the U.S. 
PDO 
The Pacific Decadal Oscillation (PDO) is associated with the sea surface temperature north 
of Hawaii and extending to the vicinity of japan. Temperature conditions that persist for 
approximately 10 years (decadal) are observed in this region. The region tended to be colder 
than average for about l3 years, then shifted to warmer in 2000. This shift was concurrent with 
dry conditions of the Intermountain West that were somewhat alleviated in 2004 and early 2005 
when the sea surface temperature reverted to near normal. The return to warm sea temperatures 
in 2005 may be expected to persist for some years. Precipitation in the High Plains and central 
mountains of the western U.S. is expected to average below the norm during the period. 
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90-Year Precipitation Cycle 
Tree ring records in the central and eastern U.S. indicate a cyclic pattern of approximately 
90 years. The "cycle" is irregular but is apparent to even casual visual inspection of records. 
Observed precipitation during the past 55 years has increased in most locations east of Colorado 
(except Florida). The tree responses are typical of several events occurring during the past 800 
years. 
The measured flow of Iowa and Illinois rivers has shown a direct response to increased 
precipitation. In Iowa the precipitation increase was 10% within a 30-year period. This is a 
major climate change by any standard. The measured average annual stream flow in 2000 is 
approximately double the flow in 1950, and flood events have increased approximately 500% 
(Fig. 5). The precipitation increase has been of net value to agriculture in the Midwest. There 
are some indications that the peak has passed, and several decades of diminishing average annual 
precipitation should be anticipated. 
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Figure 5. The mean annual flow of most Iowa Rivers has approximately doubled since 1950. Flood years have 
increased more than 500%. The measured precipitation in Iowa increased about 10% during the period. Data from 
USGS. 
Outlook 
Although it is not legitimate to assume that the Midwest is due for a major drought, historical 
and tree ring data do indicate that gaps of 9-12 years between widespread droughts are not, and 
gaps of 30 years are rare. The most recent widespread drought was 1988, giving a gap of 16 
years. Statistically, drought (one or more) is likely within the period 2005-2010. The statistical 
risk is l in 3 during the period. This risk cannot be combined with the risk associated with La 
Nina conditions with the information available. It may be assumed that risk of drought is 33% 
each year and, if a La Nina develops, it is somewhat enhanced. Subsoil moisture is also a risk 
factor and it can be combined with the La Nina risk. Estimated soil conditions as of November 
lOth increase the risk of widespread drought by 4% and, although not strictly correct, this 
increases the risk during La Nina to approximately 39% and the chance of a below trend corn 
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yield to 73%. The possible development of La Nina conditions is a significant factor for 2006. 
Most widespread droughts begin in the east (South Carolina area) and spread west over a period 
of several months. A midsummer initiation of drought would not be likely to reach the western 
Corn Belt during the initial year of drought, but an early season drought could spread Corn Belt 
wide in one season, especially if soil moisture is somewhat deficient through june 2006. 
Note on: Asian Rust of Soybean 
The first report of rust in the state of Texas was released on November ll, 2005. 
"Nov. 10: Soybean rust was confirmed in a patch of kudzu outside Dayton, Texas (Liberty 
County). Positive ELISA results were reported by Dr. Larry Barnes of the Texas Plant Disease 
Diagnostic Laboratory in College Station and subsequently confirmed by USDA-APHIS using 
PCR. This is the first report of this fungus in Texas. The samples were collected Nov. 2. There is 
apparently no other known patch of kudzu in this county and 12 soybean fields 2-12 miles away 
from this patch had no symptoms of SBR .. . " Tom Isakeit http://www.sbrusa.net/ 
The parameters associated with atmospheric transport of spores that give rise to the soybean 
rust are not well defined. From what is known, rust may be expected to over- winter most 
years within several miles of the coast of the Gulf of Mexico. Some analysis of nighttime winds 
and of the occasional major daytime storm that could transport viable spores into the central 
Corn Belt have been conducted (Kim 2005). If spores were distributed uniformly along the 
Gulf Coast, the most likely source of inoculums reaching the Corn Belt appears to be eastern 
Texas. The relationship of risk to the extent of rust in the source area is not known. Likewise 
the occurrence of conditions favorable for crop infection at times when transport is feasible have 
not been delineated. The occurrence of conditions favorable to transport spores from an eastern 
Texas source area to the Midwest is known to develop in 7 of 10 years (to any specified location 
in Iowa about 1 in 3 years). Historically, the transport from Florida to Texas appears to be about 
1 in 4 years, but a highly active tropical storm season as seen in both 2004 and 2005 greatly 
increases the long-term transport risk. Based on this analysis, the risk of rust reaching Iowa in 
2006 is not large, but it is 4 times as great as the risk was in 2005. 
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